This work investigates the applicability of the anionic complex [NBu4]2[Zn(1,3-dithiol-2-tione-4,5-dithiolate)2] on the simultaneous spectrophotometric determination of transition metals. Principal Component Regression was used in the data analysis. This method was used to determine Hg 2+ , Cu 2+ and Pb 2+ in water solution, at t = 0, 20 and 60 min of reaction. The root mean square errors (rms) for Hg 2+ , Cu 2+ , Pb 2+ were 1.92 × 10 -7 , 1.89 × 10 -7 and 9.35 × 10 -8 for t = 0 min, 1.79 × 10 -7 , 2.1 × 10 -7 and 2.22 × 10 -7 for t = 20 min and 1.22 × 10 -7 , 1.31 × 10 -7 and 1.10 × 10 -7 for t = 60 min, respectively. Results showed the viability of the method in determining concentrations of metallic ions in aqueous medium with high spectral overlap. It is an efficient alternative method for exploring the kinetic behavior of multicomponents systems of interest in physicochemical research.
Introduction
The quantification of multiple analytes in the same sample has developed into one of most interesting fields in chemical analysis. With modern instruments, spectral data can be recorded and easily digitized, and different mathematical approaches have been proposed to deal with these numerical systems. In this respect, the uses of multivariate calibration methods have grown rapidly, gaining popularity in the determination of metal concentrations in complex mixtures. Some common multivariate calibration methods are Multiple Linear Regression (MLR), 2 Partial Least Square (PLS), 3, 4 Principal Component Regression (PCR), [5] [6] [7] and the K matrix method. 4, 8, 9 Up to now, many multicomponent calibration methods have been developed, and undoubtedly new methods will be developed in the future. It is very difficult to generalize about the superiority of one method over the other, because their relative performance is often dependent on the particular data set analyzed.
The application of multivariate calibration techniques has resulted in improved applicability, precision and accuracy in multicomponent spectral analysis, even in cases where there is a considerable overlap of spectral features. Several methods are mentioned in the literature for simultaneous analysis of metallic ions or chemical species. Shi et al. 10 developed the Kalman Filter method for simultaneous determination of Co(II), Ni(II), Cu(II), Zn(II) and Cd(II). Scarmínio et al. 11, 12 developed a calibration multivariate method for systems with severe UV-Vis band overlapping, through Imbrie's Q-type factor analysis, followed by varimax and oblique rotations and the K matrix method. This methodology was used for the simultaneous determination of alanine and threonine in a mixture using pbenzoquinone (PBQ) as reagent.
The application of kinetic spectrophotometric methods of analysis to simultaneous determinations has grown recently as a result of the incorporation of computer systems and the development of powerful mathematical treatments for processing recorded information. 13 Therefore, these methods constitute a much simpler alternative to the analysis of metal ion mixtures.
The , Cu 2+ and Pb 2+ in aqueous solution at room temperature. It describes an efficient alternative method for the resolution of transition metal ion mixtures with high spectral overlap, providing a tool for exploring kinetic behavior in complexes and multi-components systems of interest in physicochemical research.
Experimental
The reagents used were: dimethyl sulfoxide (DMSO) 99.9% and Triton X-100 from Mallinckrodt Chemical; Pb(NO3)2 and Hg(NO3)2 from Merck, Cu(NO3)2 from CAAL. The complex [NBu4]2[Zn(dmit)2] was prepared according to the literature. 3 All solutions were prepared with ultra-pure water.
A ThermoSpectronic Genesys 2 spectrophotometer was connected to a PC computer for all absorbance measurements and for statistical data treatment. The PCR calculation was performed using a FORTRAN program developed in our laboratory.
The [Zn(dmit)2] 2-solution stock was prepared by dissolving 0.0047 g of [NBu4]2[Zn(dmit)2] into 10 mL of DMSO. The solution was maintained in stock for up to three weeks.
A standard stock solution of Triton X-100 (0.05%) was prepared by diluting 1 mL of Triton X-100 to 200 mL of water.
Mercury, copper or lead standard stock solutions presented a concentration of 2.5 × 10 -4 mol L -1 . To prepare the mixtures we used a simplex-centroid mixture design, Fig. 2 . According to the design, three solutions were prepared containing a single metal, three binary mixtures and a ternary mixture using the stock solutions. The volume of the metal stock solution used in the preparation of each mixture was maintained constant at 100 µL (2.5 × 10 -4 mol L -1 ). The aliquots, in µL, of Hg ). , respectively. The complete overlapping observed for the UV-Vis spectra indicated that the reagent [Zn(dmit)2] 2-could not be used to determine these metals under normal experimental conditions.
Results and Discussion
For the simultaneous determination of metal ions, the UV-Vis spectra of the reagent solutions were obtained immediately after adding metal to the reagent solution (t = 0 min). Six principal components were found to explain 99% of the variance in the calibration model. Table 1 root mean square errors (rms). Concentrations obtained for lead were the most satisfactory among the analyzed metals due the smaller rms error. After the preliminary study with ten mixtures, a new solution group was studied for two reaction times; t = 20 and 60 min, Figs. 4a, 4b, and 4c. The solutions did not present significant differences in the intensity and displacement of the UV-Vis bands.
With this new group, a model was built with four principal components, explaining 99.9% of the total variance. In order to compare the results, the rms errors were calculated between the experimental and predicted concentrations. Values for rms errors, test F and correlation coefficients are presented in Table  2 . By analyzing the rms errors data shown in Tables 1 and 2 , we can conclude that the substitution of zinc for lead was completed in about 20 min with fewer intermediate species in the solution; however, the same did not happen with Cu 2+ and Hg 2+ . For these last two, 20 min were not enough to complete the substitution reaction of Zn 2+ and, consequently, the species
2-remained in the solution. A larger number of species result in an additional number of components.
After 60 min, the substitution reaction of the three metals was practically completed and therefore the number of species in the solution was reduced, and better results were obtained. The values for rms errors shown in Table 2 present more accurate results. The experimental and calculated results for the 60 min showed that the results for lead were more accurate. However, the reaction time after 20 min showed satisfactory results and could be easily implemented for automatic analysis.
Conclusion
This investigation shows that simultaneous spectrophotometric determination of Hg 
Cpred/mol L -1 Table 1 Experimental and predicted concentrations for Hg   2+ , Cu 2+ and Pb 2+ using six principal components
The UV-Vis spectra of the reagent solutions were obtained immediately after metal addition to the reagent solution, t = 0 min. a. rms error associated with PCR has good prediction ability in artificial samples. The concentrations predicted by the method established good correlation with the experimental concentrations, making it possible to quantify metal ion mixtures. Experimental results reveal that the method could be used without previous chemical separations, and confirm the great potential of PCR methods for Hg 2+ , Cu 2+ and Pb 2+ determination in complex mixtures. Results obtained for analysis soon after the metal addition (t = 0) using 6 principal components showed that the procedure is practical and therefore viable to be used together with the flow injection technique.
